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The present invention relates to purified poly- 
peptides having a receptor activity specific for 
interleukin- 13 (XI<-13), to their biologically active 

fragments and to the corresponding nucleic acid sequences 
5 and to their applications. 

IL-13 is a recently identified (1,2) cytokine of 
112 amino acids secreted by the activated T lymphocytes, 
the B lymphocytes and the mastocytes after activation. 

By virtue of its numerous biological properties 
10 shared with IL-4, IL-13 has been described as an XL-4- 

like cytokine. Its activities are indeed similar to those 
of XL-4 on the B cells (3-5), the monocytes (6-10) 
other non-ha ematopoietic cells (11-12). On the other 
hand, contrary to XL-4, it would not exert a specific 
effect on resting or activated T cells (13) . 

Various biological activities of XL- 13 on the 
monocytes /macrophages, the B lymphocytes end certain 
haema topoietic precursors have been described in detail 
by A. J. Minty, as well as in review articles on XL-13 (see 
for example 14) • Several data indicate, in addition, that 
s cytokine has a pleiotropic effect on other cell 
types. These non-haematopoietic cells which are directly 
affected by XL— 13 are endothelial and microglial cells, 
keratinocytea and kidney and colon carcinomas. 

The anti-inflammatory and immunoregulatory 
activities of XL-13 may be useful, for example, in the 
treatment of autoimmune, tumour and viral pathologies. 

exploitation of these biological properties at 
the clinical level requires, however, a perfect knowledge 
of the signals and mechanisms via which these effects are 
exerted, so as to be able to control modulate them in 
the relevant pathologies. 

One of the stages in the analysis of the signal 
tr ansmi tted by a biological molecule within a cell 
35 consists in identifying its membrane receptor. The 
research studies carried out to this end on the IL-13 
receptor have shown that IL-13 and IL-4 had a common 
receptor, or at the very least some of the components of 
a common receptor complex, as well as common signal 
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transduction elements (15-18). This receptor is present 
at the surface of various cell types, in a variable 
number according to the cell type considered. The com- 
parative distribution of the IL-13 and XL-4 receptors has 
been . indicated by A. J. Minty (14). 

Kondo et al. (19) have described the structure of 
a receptor having a high affinity for XL-4. This receptor 
is a dimer, formed by the association of a glycoprotein 
of 140 kDa (XL-4R) and of the y chain of the XL-2 
receptor (yc). XL-4 can bind to the glycoprotein subunit 
of 140 kDa (XL-4R or gp 140) with a high affinity (Kd 
between 50 and 100 pM) (15). However, this affinity is 
increased by a factor of 2 to 3 when the yc chain is 
associated with gp 140. This association is, in addition, 
necessary for the transmission of certain signals medi- 
ated by XL-4 (19,20). 

Cross-competition experiments for binding either 
of XL- 13 or of XL-4 have demonstrated that XL-4 can 
normally prevent the binding of XL-13, whereas XL-13 cam 
generally only partially prevent the binding of XL4 to 
its receptor (17,21) and does not attach to any of the 
two subunits of the XL— 4 receptor or to the complex 
formed by their association. On the basis of these 
observations, the authors of the present invention have 
assumed that the receptor specific for XL-13 consisted of 
the receptor complex XL-4 associated with another XL-13 
binding component (XL-13 r|3). 

Research studies carried out on an erythro- 
leukemic cell line capable of proliferating in response 
to XL-13 and XL-4 (TP-1 line) allowed them to show that 
these two cytokines produced similar intracellular events 
after attachment to their receptor (18). in parallel, 
cross-linking experiments allowed them to show that gp 
140 could form heterodimers either with the y chain, or 
with a new subunit, of a molecular weight of 55 to 70 kDa 
(17,21) . 

Moreover , research studies recently carried out 
on a mouse embryonic stem cell line have made it possible 
to isolate the genomic DNA and the cDNA encoding a 



polypeptide of 424 amino acid residues (XX<-13Ra) , sug- 
gesting that the XL- 13 receptor shared with the XL-4 
receptor a co m mon chain so as to constitute a high- affin- 
ity receptor (22, 23), that is to say has an affinity 
whose const amt Kd is situated between values of between 
about 10 pM and 100 pN (a low-affinity receptor having a 
constant Kd situated between the values of between 2 nM 
and 10 nM) . 

Given the import amce, at the medical level, of 
the fine understsmding of the phenomena of regulation of 
XIj- 4 and of XL-13, an d in particular of the possibility 
of being adsle to. separate and control separately the 
effects produced by either of these two cytokines, the 
authors of the present invention were interested on the 
one h and , in the characterization of a polypeptide 
specifically binding XL-13 with a high affinity and, on 
the other hand, in the characterization of another 
polypeptide which, alone, specifically binds XL-13 with 
a low affinity and which, if it is associated with the 
XL— 4 receptor, constitutes a high-affinity receptor for 
XL-13. 

These authors have now identified a human 
carcinoma cell line expressing the XL-13 specific 
receptor in a quantity greater than other known human 
renal carcinoma lines (21), and have now carried out the 
cloning of the primary subunit responsible for the 
attachment of XL-13 to the XL-4 /XL- 13 receptor, called 
IL-13R^, as well as the cloning of the common chain 
shared by the XL— 13 receptor and the XL— 4 receptor in 
order to constitute a high-affinity receptor which allows 
cross-competition between the 2 cytokines, called XL- 
13Roc« The present invention therefore relates to purified 
polypeptides specifically linking XL-13. 

More particularly, the subject of the invention 
is purified polypeptides whose amino acid sequences 
correspond to that of a receptor specific for XL-13 (IL- 
13Rp and XL— 13RCX) , or biologically active fragments 
thereof . 

The subject of the invention is also isolated DNA 



sequences encoding the said polypeptides or their bio- 
logically active fragments. 

It relates, in addition# to the expression 
vectors containing at least one of the nucleotide 
sequences defined above# and the host cells transfected 
with these expression vectors under conditions allowing 
the replication and/or expression of one of. the said 
nucleotide sequences. 

The methods for producing recombinant XL-13Rf3 and 
IIi~ 13R0C or their biological active fragments by the 
transfected host cells are also part of the invention. 

The invention also comprises pharmaceutical 
compositions comprising Xli-13Rf} and/or XX<-13Ra or bio- 
logically active fragments thereof for the regulation of 
the immunological and inflammatory mechanisms produced by 
IIi— 13 . Xt relates# in addition# to a method for the 
identification of agents capable of modulating the 
activity of XL-13Rp and/or XL-13RCX, and the use of 
XI.-R13P and/or XL-13Ra or of fragments thereof for 
screening these agents as well as for the manufacture of 
new products capable of modulating the activity of the 
IIi- 13 receptor . 

The invention also comprises antibodies or 
derivatives of antibodies specific for IL-13R(5 and/or XL- 
13Ra. 

it relates to a method of therapeutic 
treatment for modulating the immunological reactions 
mediated by XL-13# comprising the administration# to a 
patient, of XX.-13Rp and/or XL-13Ra or of one of their 
biologically active fragments or of a compound capable of 
specifically modulating the activity of this receptor# in 
combination with a pharmaceutically acceptable vehicle. 

Xn the description of the invention below, the 
following definitions are used: 

- polypeptide specifically binding XL- 13 with a high 
affxmty (XIj— 13R£) : a polypeptide comprising the amino 

sequence SEQ ID No. 2 or any biologically active 
fragment or derivative thereof; 

- polypeptide which, alone# specifically binds IL-13 with 



a low affinity and which, if it is associated with the 
IL-4 receptor, constitutes a high-affinity receptor 
(IL-13RCX) : a polypeptide comprising the amino acid se- 
quence SEQ ID NO 4 or any biologically active fragment or 
derivative thereof ; 

- biologically active: capable of binding specifically to 
IL-13 and/or of participating in the transduction of the 
signal specifically produced by IL-13 at the level of the 
cell membrane, and/or capable of interacting with the 
receptor specific for IL-4 (IL-4R/gp 140) so as to form 
a complex capable of binding IL-4 and IL-13, and/or which 
is recognized by antibodies specific to the polypeptide 
of sequence SEQ ID No. 2 and/or of sequence SEQ ID No. 4, 
and/or capable of inducing antibodies which recognize the 
polypeptide of sequence SEQ ID No. 2 and/or of sequence 
SEQ ID No. 4/ 

- derivative: any polypeptide which is a variant of the 
polypeptide of sequence SEQ ID No. 2 and/or of sequence 
SEQ ID No. 4, or any molecule resulting from a modifica- 
tion of a genetic and/or chemical nature of the sequence 
SEQ ID No. 2 or of sequence SEQ ID No. 4, that is to say 
which is obtained by mutation, deletion, addition, 
substitution and/or chemical modification of one or of a 
li mi ted number of amino acids, as well as any isoform 
sequence, that is to say a sequence which is identical to 
the sequence SEQ ID No. 2 or to the sequence SEQ ID No. 
4, to one of their fragments or to one of their modified 
sequences, containing one or more acids in the D 
e nan tiomer form, the said variant, modified or isoform 
sequences having conserved at least one of the properties 
which make them biologically active. 

The subject of the present invention is a 
purified polypeptide comprising an amino acid sequence 
chosen from: 

a) the sequence SEQ ID No. 2 or the sequence SEQ ID No. 
4, 

b) any biologically active sequence derived from SEQ ID 

No. 2 or SEQ ID No. 4, according to the definition given 
above . 
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The manufacture of derivatives may have various 
objectives, including in particular that of increasing 
the affinity of the receptor for IL-13, that of modulat- 
ing the cross-competition between IL-13 il- 4, that of 

enhancing their levels of production, of increasing their 
resistance to proteases, of modifying their biological 
activity or of conferring new pharmaceutical and/or 
biological properties on them. 

Among biologically active variants of the 
polypeptides as defined above, the fragments produced by 
alternate splicing of the transcripts (messenger RNAs) of 
the gene encoding one of the amino acid sequences 
described above are preferred. 

In an advantageous variant, the 8 C- terminal 
am ino acids of the polypeptide of sequence SEQ ID No. 2 
are substituted by the following 6 acids: VRCVxfef ^ ^ 

According to smother advantageous aspect, t£e 
invention relates to a soluble form of il- 13R|3, called 
IL-13 rPs, comprising especially the extracelluar 
of the polypeptide of sequence SEQ IS No. 2 stretching up 
to residue 343 and preferably up to residue 337 as well 
as a soluble form of IL-13R0C, called lL-13Ras, comprising 
especially the extracelluar domain of the polypeptide of 
sequence SEQ ID No. 4 stretching up to residue 343 
preferably up to the residues between 336 and 342. 

The polypeptide which comprises the sequence SEQ 
ID No. 2 or the sequence SEQ ID No. 4 represents a 
specific embodiment of the invention. As will emerge in 
the .examples, this polypeptide may be expressed at the 
surface of hu man cells so as to form a functional IL— 13 
receptor and/or combine with the IL-4 receptor so as to 
form, with the y chain of the IL-2 receptor, the receptor 
complex common to IL-4 and IL-13. 

The subject of the present invention is- also an 
isolated nucleic acid sequence, chosen from: 

a) the sequence SEQ ID No. 1, 

b) the sequence SEQ ID No. 3, 

c) the nucleic acid sequences capable of hybridizing to 
the sequence SEQ ID No. 1 or to the sequence SEQ ID 



No. 3/ or to their complementary sequences and encod- 
ing' polypeptides having an XL- 13 receptor activity, or 
allowing the reconstitution o£ a receptor having a 
high affinity for XL- 13 and XL-4, 
d) the nucleic acid sequences derived from the sequences 
a) an d b) and c) because of the degeneracy of the 
genetic code . 

More particularly, the subject of the invention 
is a sequence encoding the soluble part of XL-13Rp or of 
XL-13Ra and any variant produced by alternate splicing of 
the transcripts of XX.-13R|3 or of XL-13Ra, conserving at 
least one of the biological properties described. 

A preferred embodiment is represented by a 
nucleic acid sequence comprising or consisting of the 
stretch of nucleotides stretching from nucleotide No. 1 
up to nucleotide 1081, and preferably up to nucleotide 
1063 on the sequence SEQ XD No. 1. 

Another preferred embodiment is represented by a 
nucleic acid sequence comprising or consisting of the 
stretch of nucleotides stretching from nucleotide No. 1 
up to nucleotide No. 1059, and preferably up to the 
nucleotides between numbers 1041 and 1056 on the sequence 
SEQ XD No. 3. 

Advantageously, the nucleic acid sequence accord- 
ing to the invention is a sequence encoding a protein 
corresponding to the mature fora of XL-13Rf) or of 
XL-13Ra, this mature protein being the result of the 
release of the signal peptide. 

The various nucleotide sequences of the invention 
may be of artificial origin or otherwise. They may be DNA 
or RNA sequences obtained by screening sequence libraries 
by means of probes produced on the basis of the sequence 
SEQ XD No. 1 or of the sequence SEQ XD No. 3. Such 
libraries may be prepared by conventional molecular 
biology techniques known to persons skilled in the art. 

The nucleotide sequences according to the inven- 
tion may also be prepared by chemical synthesis or 
alternatively by a combination of methods including 
chemical or enzymatic modification of sequences obtained 



by screening of the libraries. 

These nucleotide sequences allow the preparation 
of nucleotide probes encoding a polypeptide according to 
the invention or a biologically active fragment thereof. 
The appropriate hybridization conditions correspond to 
the temperature and ionic strength conditions customarily 
used by persons skilled in the art, preferably to tem- 
perature conditions of between T a - 5°C T m - 30°C 

still more preferably, to temperature conditions between 
T m - 5°C and T a - 10°C (high stringency), T a being the 
melting temperature, defined as the temperature at which 
50 % of the base-paired strands separate. Such probes are 
also part of the invention. They may be used as a IN 
VITRO diagnostic tool for the detection, by hybridization 
experiments, of transcripts specific for the polypeptides 
of the invention in biological samples or for the detec- 
tion of aberrant syntheses or of genetic abnormalities 
resulting from a polymorphism, from mutations or from a 
poor splicing. 

The probes of the invention comprise at least 10 
nucleotides, and comprise at most the entire nucleotide 
sequence SEQ ID No. 1 or the entire nucleotide sequence 
SEQ ID No. 3 or their complementary strand. 

Among the shortest probes, that is to say of 
about 10 to 15 nucleotides, the appropriate hybridization 
conditions correspond to the temperature ionic 

strength conditions customarily used by persons skilled 
in the art. 

Preferably, the probes of the invention are 
labelled prior to their use. For that, several techniques 
are within the capability of persons skilled in the art, 
such as for example fluorescent, radioactive, 
chemiluminescent or enzymatic labelling. 

The IN VITRO diagnostic methods in which these 
nucleotide probes are used for the detection of aberrant 
syntheses or of genetic abnormalities, such as the loss 
of heterozygosity and genetic rearrangement, at the level 
the nucleic sequences encoding IL— 13 receptor 

polypeptide or a biologically active fragment. 


are 



included in the present invention. Such a type o£ method 
comprises: 

- bringing a nucleotide probe of the invention into 
contact with a biological sample under conditions allow- 
ing the formation of a hybridization complex between the 
said probe and the above-mentioned nucleotide sequence, 
optionally after a preliminary step of amplification of 
the abovement ioned nucleotide sequence; 

- detection of the hybridization complex which may be 
formed; 

- optionally, sequencing the nucleotide sequence forming 
the hybridization complex with the probe of the inven- 
tion. 

The cDNA probes of the invention may, in addi- 
tion, be advantageously used for the detection of 
chromosomal abnormalities. 

The nucleotide sequences of the ‘-invention are 
also useful for the manufacture the use of sense 
and/or antisense oligonucleotide primers for sequencing 
reactions or for specific amplification reactions 
according to the so-called PCR (polymerase chain 
reaction) technique or any other variant thereof. 

The nucleotide sequences according to the inven- 
tion have, moreover, uses in the therapeutic field for 
the preparation o£ antisense sequences which are capable 
of hybridizing specifically with a nucleic acid sequence, 
including a messenger RNA, and may be used in gene 
therapy . The subject of the invention is thus antisense 
sequences capable of inhibiting, at least partially, the 
production of XL- 13 receptor polypeptides as defined 
above. Such sequences advantageously consist of those 
which constitute the reading frame encoding il- 13R(3 or 
IL-13Ra at the level of the transcript. 

They may be more particularly used in the treat- 
ment of allergies and of inflammation. 

The nucleotide sequences according to the inven- 
tion may, moreover, be used for the production of recom- 
binant polypeptides, as defined above, having an II<-13 
receptor activity. 
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These polypeptides may- be produced from the 
nucleotide sequences defined above, according to tech- 
niques for the production of recombinant products known 
to persons skilled in the art. In this case, the 
5 nucleotide sequence used is placed under the control of 
signals allowing its expression in a cellular host. The 
cellular host used may be chosen from prokaryotic sys- 
tems, such as bacteria, or from eukaryotic systems, such 
as yeasts, insect cells, CHO cells (Chinese hamster ovary 
10 cells) or any other system which is advantageously 

available commercially. A cellular host preferred for the 
expression of the polypeptides of the invention consists 
of the fibroblast line COS-7 or COS-3. 

The signals controlling the expression of the 
15 polypeptides, such as the promoters, the activators or 

the terminal sequences, are chosen according to the 
cellular host used. To this end, the nucleotide sequences 
according to the invention may be inserted into auton- 
omously replicating vectors within the chosen host, or 
20 integrative vectors of the chosen host. Such vectors will 

be prepared according to the methods commonly used by 
persons skilled in the art, and the resulting clones may 
be introduced into an appropriate host by standard 
methods, such as for example electroporation. 

25 The expression vectors containing at least one of 

the nucleotide sequences defined above are also part of 
the present invention. 

Zn the case of the COS-7 or COS-3 cells, the 
transfection may be carried out using the vector pSB-1, 
30 as described in (17). 

The invention relates, in addition, to the host 
calls transfected by these expression vectors . These 
cells may be obtained by the introduction, into host 
cells, of a nucleotide sequence inserted into a vector as 
35 defined above, followed by the culture of the said cells 
under conditions allowing the replication and/or express- 
ion of the transfected nucleotide sequence. 

These cells may be used in a method for the 
production of a recombinant polypeptide of sequence SEQ 



ID No. 2 or SEQ ID No. 4 or a derivative# which method is 
itsel£ included in the present invention and is charac- 
terized in that the transfected cells are cultured under 
conditions allowing the expression of a recombinant 
polypeptide of sequence SEQ XD No. 2 or SEQ XD No. 4, or 
a derivative, and in that the said recombinant 
polypeptide is recovered. 

The purification processes used are known to 
persons skilled in the art. The recombinant polypeptide 
may be purified from cell lysates and extracts, from the 
culture supernatant, by methods used individually or in 
combination, such as fractionation, chromatographic 
methods, immunoaff inity techniques using specific mono- 
or polyclonal antibodies. 

The mono- or polyclonal antibodies capable of 
specifically recognizing XXi-13Rf) and/or IL-13R0C according 
to the definition given above are also part of the 
invention. Polyclonal antibodies may be obtained from the 
serum of an animal immunized against XL-13RP and/or 
IL- 13RCX according to the usual procedures. 

The monoclonal antibodies may be obtained accord- 
ing to the conventional hyhridoma culture method 
described by Kdhler and Milstein (Nature, 1975, 256 , 495- 
497) . 

Advantageous antibodies sure antibodies directed 
against the extracelluar domain of XL-13Rf3 and/or 
IXi-13Ra. 

The antibodies according to the invention are, 
for example, chimeric antibodies, humanized antibodies. 
Fab and F(ab')2 fragments. They may also exist in the 
form of labelled antibodies or immunocon jugate s . For 
example, they may be associated with a toxin, such as the 
diphtheria toxxn or with a radioactive product. These 
immunotoxins may in this case constitute therapeutic 
agents which may be used for the treatment of certain 
pathologies involving an overexpression of XL-13R(3 and/or 
XL-13Ra. 

The antibodies of -the invention, in particular 
the monoclonal antibodies, may also be used for the 



imxnunocytoch.emi.cal analyses o£ the XL- 13 receptors on 
specific tissue sections/ for example by immunofluores- 
cence or by gold or peroxidase labelling. 

They may be advantageously used in any situation 
where the expression of IL-13R(3 and/or XL-13RCC needs to 
be observed/ such as for example an abnormal over- 
expression or the monitoring of the regulation of mem- 
brane expression. 

The invention therefore also relates to a process 
for the IN VITRO diagnosis of pathologies correlated with 
an abnormal expression of XL-13R|3 and/or of IL-13R0C, in 
biological samples capable of containing XL-13R(3 and/or 
XL-13Ra expressed at an abnormal level, characterized in 
that at least one antibody of the invention is brought 
into contact with the said biological sample, under 
conditions allowing the possible formation of specific 
immunological complexes between XL-13R(3 and/or of XI<-13Ra 
emd the said antibody (ies) and in that the specific 
immuno logical complexes which may be formed are detected. 

The invention also relates to a kit for the IN 
VITRO diagnosis of an abnormal expression of XL-13Rf) 
and/or of XL— 13R0C in a biological sample and/or for 
measuring the level of expression of the ZL-13 receptor 
in the said sample comprising: 

- at least one antibody specific for XL-13R(3 and/or IL- 
13R<x, optionally attached onto a support, 

means for revealing the formation of specific 
antigen/ antibody complexes between XL-13R$ and/or XL-13Ra 
the said antibody (ies) and/or meaxis for Quantifying 
these complexes. 

Another subject of the invention relates to a 
method for the identification and/or isolation of ligands 
specific for XL-13R0 and/or IL-13Ra or agents capable of 
modulating its activity, characterized in that a compound 
or a mixture containing various compounds , optionally 
nonidentif ied, is brought into contact with cells expres- 
sing at their surface IL-13Rp and/or IL-13R0C, under 
conditions allowing interaction between the XL- 13 
receptor and the said compound, in the case where the 
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latter would have an affinity for the receptor, i n 

that the compounds bound to XL-13Rf3 and/or XL-13RCX, or 
those capable of modulating the biological activity 
thereof, are detected and/or isolated. 

5 In a specific embodiment, this method of the 

invention is adapted to the identification and/or isola- 
tion of agonists and of antagonists of XL- 13 for its 
XL-13RS and/or XL-13Ra receptor. 

The invention also comprises pharmaceutical 
10 compositions comprising, as active ingredient, a 
polypeptide corresponding to the preceding definitions, 
preferably in a soluble form, combined with a pharma- 
ceutically acceptable vehicle. 

Such a polypeptide may indeed act in competition 
15 with IL-13RP and/or XL-13RGC expressed at the cell sur- 
face, and thereby constitute an antagonist specific for 
the binding of XL— 13 to its receptor, which may be 
advantageously used for the synthesis of a medicinal 
product intended for modulating the reactions mediated by 
20 XL- 13 in pathological situations. 

Finally, the invention comprises a method for the 
therapeutic treatment of conditions linked to immunologi- 
cal reactions mediated by IL-13, comprising the adminis- 
tration to a patient of XL-13R|3 and/or IL-13Ra (or of one 
25 of their biologically active fragments) , or of a compound 
capable of specifically modulating the biological activ- 
ity thereof, in combination with a pharmaceutically 
acceptable vehicle. 

Other characteristics and advantages of the 
30 invention will emerge in the rest of the description with 
the examples and the figures, of which the legends are 
represented below. 
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presence of increasing concentrations of unlabelled XL- 13 
(*) and of IL-4 (o) ; 

c) cross-linking experiments using radioactive XL-13 in 
the absence (lane a) and in the presence of a one hundred 
times excess of unlabelled XL- 13 (lane b) or of XL-4 
( lane c ) ; 

d) inhibition of the secretion of XL-6 induced by XL-13 
and XL-4 in the presence of a monoclonal antibody speci- 
fic for the XL-4R chain and the XL-4 antagonist Y124DXL- 
4. 
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IL-13Rp # and 'comparison of the protein sequences 

"* IL - 13Rp / ib NO- 2) Cseca ™ W 9 . . , 

a) nucleotide sequence of the cDNA of IL-13Rp. The 

acids corresponding to the deduced signal peptide of the 
nucleic sequence are indicated in italics those 

corresponding to the transmembrane domain are indicated 
in bold characters. The potential N-glycosylation sites 
(A-n-X-ST/Thr) ar« und.rHn.Ki, (SEQ^NQ.^) 

b) alignment of the aminq acids of the JL-13Rfy and IL-5R(StQ il) 

sequences. The protein sd^^dJ^Jf^feAsR il- 5R are NO . Sj 

aligned^asdescribed above (24) . The cysteB^ i2 re^dues 

and tnh 1 wSXWS^ motif which are characteristic of this 
family of receptors are boxed. 

- Figure 3: patterns of expression of the XL-13R|3 

mRNA. 


The RNA was prepared from the following cells: Caki-1 
(lane a), A431 (lane b) , TF-1 (lane c), U937 (lane d), 
Jurkat (line e) and XM9 (lane f ) . 

- Figure 4: characterization of the recombinant 
IL-13R0 receptor for XL-13. The COS-7 cells are 
transfected with IL-13Rp cDNA and used for: 

a) studies for the binding of radiolabelled XL-13 (inset) 
by Scatchard analysis of the saturation curve; 

b) cross-linking experiments using radiolabelled XL-13 in 
the absence (lane a) and in the presence of a one hundred 
times excess of unlabelled XL-13 (lane b) ; 

c-d) cotransfection experiments using cloned XL-13Rf), 
IL-4R (gpl40) and the yc chain followed by the binding of 
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radiolabelled IL-13 (c) or of IL-4 (d) . The black and 

white columns represent the specific binding of IL-13 
of XL-4 respectively. 

- Figure 5: inhibition of the binding of IL-13 to 
5 IL-13R(3 by the soluble form of the receptor (XL-13R|3 s) in 

transient expression. 

The expression of IL- 13Rps in the supernatant of the 
cells transfected with 2034 is tested by inhibition of 
the binding of IL-13 on cells transfected with XL-13R(3 
10 (2036) • The supernatants are tested in the crude state by 

diluting them one half in the iodinated ligand. 

2036 NSB: nonspecific binding in the presence of an 

excess of unlabelled IL-13. 

2036 BTx total binding on cells transfected with 2036 
15 2036 + sgt 2034: binding to cells transfected with 2036 

in the presence of supernatant of cells transfected with 
2034. 


2036 - + sgt pSBl : control 


- Figure 6: i nhib ition of the binding of IL-13 to 
20 XL-13R3 by the soluble form of the receptor (XL-13Rf3s) on 

stable lines. 

T2036-22 : total binding on the clone XL-13R(3 (2036-22) in 
the absence of supernatant of clone secreting IL-13RSs 
(reference 100%) 
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4 clones XL-13R3 s 


2034-4 
2034-6 
2034-19 
2034-21 

1274-20 : in the presence of supernatant of CHO cells not 

expressing XL-13R0S (control) 

- Figure 7 : nucleotide sequence 

cDHA .and comparison of the protein sequences of IL-^ 


(SBQJlb NO, 3) 

e of the IL-13Ra„ 

* ™ sequences 

xt. A and of murine IL-13Ra. (.SEQ ^)0, (g) 

Miml m _ _ . r * 


a) Nucleotide sequence of. th e IL-13RC^ cDNA. The 
acids corresponding to the signal ! ^piptide deduced from 
the nucleic sequence are underlined with a dotted line 
anc ^ those corresponding to the transmembrane dow«» •» n are 
underlined with a double line. The potential N- 
glycosylation sites (Asn-X-Ser/Thr) are boxed. 
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b) Ali gn ment 
murin< 


C-seqn£>N0,4) 


amino acids o£ human IL-13Ra an< 


WPff cea of huaum x *- 13 % 

la . are aligned as described, .above 


and o£ murine 1 XL-li! 

(24) . The cysteine residues and the motif V WS2 
characteristic o£ this family of receptors are boxed. 


- Figure 8: characterization o£ the recombinant 
IL-13RCC receptor for XL- 13. 

The CHO or COS-3 cells transfected with the XI<-13Ra 
and/or XL-4R cDNA and used for: 

a) studies of the binding of iodine-125 labelled XL-13 by 
Scatchard analysis of the saturation curve with CHO cells 
transfected with IL-13R0 cDNA (Figure A), transfected 
with XL-13R& cDNA and XL-4R cDNA (Figure B) , transfected 
with IL-13RCI cDNA (Figure C) and transfected with XL-13Ra 
cDNA and XL-4R cDNA (Figure D) , 

b) competition experiments of binding of [ ia5 I] -XL- 13 on 
CHO cells transfected with XL-13RS cDNA (Figure E) , 
transfected with XL-13RS cDNA and XL-4R cDNA (Figure F) , 
transfected with XL-13Ra cDNA (Figure O) and transfected 
with XL-13Ra cDNA and XL-4R cDNA (Figure H) . The white 
and shaded columns represent respectively the specific 
binding of radiolabelled XL- 13 in the presence of an 
excess (1,000 times more) of XL-13 or XL-4, the black 
columns represent total binding. 

- Figure 9: comparison of the electrophoretic mobility in 
EMSA of cellular extracts expressing the receptor for IL- 
4 alone (CHO-4), the receptor for XL-13Ra alone (CHO-13) 
or combined receptors XL-13Ra and XL-4R (CHO-4-13) 
after activation of the CHO cells in the presence of XL-4 

or II*-13 (4 or 13), c representing the nonactivated 
control . 


30 
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MATERIALS AND METHODS 

Binding and cross-linking emarlinontgi 

The binding’ and cross-linking experiments are 
carried out as described for [ ias I] [Phe43] -IL-13- 
5 GlyTyrOlyTyr ( 17 ) . 

Induction of the secretion of IL-6: 

The Caki-1 cells (ATCC HTB46) are placed in 
24-well plates at a density of 5xl0 4 cells/well and after 
3 days of culture, confluent monolayers are washed three 
10 times with DMEM medium without foetal calf serum. The 
stimulation of the Caki-1 cells is carried out with 30 
ng/ml of IL-4 or of XL- 13 in the absence or in the 
presence of Y124DXL-4 or of an anti-gpl40 monoclonal 
antibody. The quantity of XL-6 released into the culture 
15 medium after incubating for 24 hours is measured by an 
ELISA technique (Innotest, France) . 

Isolation and analysis of f h«» IL-13RB cDNA; 

Total RNA was extracted from the Caki-1 cells as 
described above (25) . The poly(A) RNA is isolated from 
20 the total RNAs with magnetic beads coated with oligo(dT) 25 
(Dynal) . A cDNA library containing 2x10 s clones was 
constructed using the primer- adaptor procedure (26) 
the vector pSB-1 (27) . The cloning strategy for the 
expression which was used has been previously described 
25 (17). 

Preparation of >»«■««« TL-13RB cDNA? 

The RNA samples are copied with reverse trans- 
criptase and subjected to PCR (polymerase chain reaction) 
using a sense primer corresponding to the sequence + 52 
30 to + 71 and an antisense primer corresponding to + 489 to 
470 (the numbering is made on the basis of the cDNA se- 
quence shown in Figure 2 ) . The PCR-amplif led products are 
hybridized with a probe complementary to sequences 445 
to ♦ 461 of the cDNA. The size markers are indicated on 
35 the left of the figure. 



18 


Isolatio n and »n»lvai 8 Of th e IL-13RCC cDNAi 

1) Preparation of the murine IL-13R0C probe 

a) Culture of the B9 cells (28) 

The B9 cells are cultured in RPMI medium (Oibco) 
5 supplemented with 10% foetal calf serum 50 |ig/ml of 

gentamycin . 

b) Preparation of the RNA of the B9 cells. 

The cells are washed twice with PBS buffer 
(phosphate buffered saline, reference 04104040-GXBCO- 
10 BRIi) . After centrifugation for 10 min at 1000 rpm, the 
cellular pellet is suspended in the lysis buffer of the 
following composition: 4M guanidine- thiocyanate; 25 mM 
sodium citrate pH 7; 0.5% sarcosyl; 0.1 M (32-mercapto- 

ethanol. 

15 The suspension is sonicated using an Ultraturax sonicator 
No. 231256 ( JANKK and KUNJJEL) at the maximum power for 

one minute. Sodium acetate pH 4 is added to 0.2 M. The 
solution is extracted with one volume of a 
phenol /chloroform mixture (v/v:5/l). 

20 The RNA contained in the aqueous phase is precipitated at 
-20°C with the aid of one volume of isopropanol. The 
pellet is resuspended in the lysis buffer. The solution 
is again extracted with, a phenol /chloroform mixture and 
the RNA is precipitated with isopropanol. After washing 
25 the pellet with 70% and then 100% ethanol, the RNA is 
resuspended in water. 

c) Preparation of the complementary DNA. 

The cDNA is prepared from 5 |ig of total RNA using 
^ poly T12 primer • The total RNA is incubated in a volume 
30 of 30 |ll of buffer: 50 mM Tris-HCl pH 8.3, 6 mM MgCl 3 , 

10 mM DTT, 40 mM KCl, containing 0.5 mM of each of t he 
deoxynucleotide triphosphates and 30 units of Rnasin 
(Pr omega), for one hour at 37°C, then for 10 minutes 

at 50°C, and then for a further 10 minutes at 37®C, with 
200 units of the reverse transciptaze enzyme Rnase H 
(Gibco-BRL reference 8064A) . The reaction is stopped by 
heating for 10 minutes at 65°C. 

d) Specific amplification of a mouse IL-13Roc cDNA 
fragment by the PCR technique . 


35 
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The polymerization is carried out with 6 fil of cDNA in 
50 p.1 final volume with the buffer of the following 
composition: 10 mM Tris-HCl pH 8.3, 2.5 mM MgCl 3 , 50 mM 
KCl, 4 dNTP 0.2 mM, 2 |lg/ml of each of the two nucleic 
5 primers and 2.5 U of TAQ DNA polymerase (Beckman). The 
pairs of primers were chosen on the sequence published by 
Hilton (22) . 

Sense primer: nucleotide 249 to 268. 

5 ' AGAGGAATTACCCCTGGATG 3 ' h • U 

A 

10 Antisense primer: nucleotide 1256 to 1275 

5 ' TCAAGGAGCTGCTTTCTTCA 3 AfO* Sj 

The reaction is carried out for 30 cycles of 1 
minute at 94°C, 1 minute at 58°C, 4 minutes at 72°C, 

followed by a final cycle of 10 minutes at 72°C. 

15 e) Purification of the PCR amplification product. 

After running on a 1% agarose gel (Sigma) in TAB 
buffer (40 mM, Tris-HCl, ImM EDTA pH 7.9) for 1 hour at 
100 volts, the gel is stained in the presence of l|ig/ml 
of ethidium bromide in the same buffer. The band corre- 
20 sponding to the amplification product (cDMA fragment of 
1027 base pairs (bp) of XL-13Ra) is extracted using a 
Glass Max kit (Gibco) . 
f) Preparation of the probe. 

25 ng of the purified cDNA fragment of 1027 bp 
25 corresponding to the mouse IL-13RCC receptor are labelled 
with phospborus-32 with the BRZ, Random Primers DMA 
labelling systems kit at a specific activity of 2.4 x 10* 
dpm/|ig; alternatively, 100 ng are labelled by nick 
translation using the Boeringher kit at a specific 
30 activity of 4 x 10 s dpm/|ig. 
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2) Isolation and analysis of the human xi>-13R0t cDNA 

a) Preparation of the total RNA 

The total RNA was extracted from Caki-1 cells as 
described above in paragraph lb. 

b) Purification of the messenger RNA (polyA+ fraction) . 

The purification of the polyA+ fraction of the 
RNA is carried out using the DYNAL oligo (dT) 35 Dynabeads 
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kit (reference 610.05) following the procedure recom- 
mended by the manufacturer. The principle is based on the 
use of superparamagnetic polystyrene beads onto which a 
poly(dT) as oligonucleotide is attached. The polyA+ frac- 
5 tion is hybridized with the oligo(dT) as oligonucleotide 
coupled to the beads which are trapped on a magnetic 
support . 

c) Northern blot. 

5 |ig of polyA+ messenger RNA are loaded on a 1 % 
10 agarose, 8% formaldehyde denaturing gel in HOPS buffer 
(lOmM pH 7.4, 0.5 mH EDTA) . After migration and transfer 
onto an N+ Hybond membrane (Amersham) in a 2 OX SSC 
buffer, the RNA is fixed by heating in an oven at 80°C 
under vacuum. The membrane is then prehybridized for 2 
15 hours at 42°C in the following buffer: 1 M NaCl, 30% 

formamide; 1% SOS, 5X Denhart ' s; 100 |ig/ml of salmon 
sperm DNA. After 2 hours of prehybridization, the mem- 
brane is hybridized in the same buffer with a concentra- 
tion of mouse IL-13RCX probe prepared by random priming of 
20 2 .5x10* dpm/ml, for 16 hours. The membrane is then washed 

twice for 30 minutes in 2X SSC buffer 0.1% SDS at room 
temperature for 2 hours at 50°C in the same buffer. After 
4 days of exposure in a cassette (Molecular Qynamics) , 
the Northern blot is analysed with an Instant Imager 
25 (Molecular Dynamics ) . A predominant transcript of 4200 bp 
and a doublet of 1500 bp and 2000 bp are detected in the 
Caki-1 cells, U373 and U937. 

Characterization of the properties of the IIi-13Ra 

and Ui-13Rf): 

The COS-7 or CHO cells are transfected in Petri 
dishes as described above (17). 24 hours later, the cells 
trypsinized and cultured in 24— well plates at a 
density of 8xl0 4 cells/well. After culturing for 48 hours 
at 37°C, the cells are used for the binding experiments 
(assays carried out in triplicate show a variation of 
less t han 10%) with iodinated IL-13 as described (17) . 
For the transfection, the COS-7 or CHO cells were 
transfected in 2 5 -cm 2 plates using 0.6 mg of various 


35 
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plasmids. After 24 hours, the cell monolayers are 
trypsinized and cultured in 12 -well plates at 8xl0 4 
cells/well. Three days later, the binding and competition 
experiments are carried out with labelled XL- 13 with 

5 unlabelled XL— 13 and/or XL— 4. The results are represents— 
tive of at least three experiments conducted independen- 
tly. 


10 
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Comparison of electrophoretic mobilities in EMSA of the 
nuclear extracts of the cells expressing the 
XL-13R0C and/or XL-4R : 

2 x 10 s CHO cells are plated onto 10 cm Petri dishes. 24 
hours later, the cells are transfected with 6 jag of 
plasmid DNA (34) . After 48 hours, the cells are incubated 
at 37 °C for 30 minutes in 3 ml of medium with or without 
X&-13 or XL-4 at a concentration of 100 ng per ml. The 
cells are then rinsed twice with a PBS- 0.5 mM EDTA buffer 
and then harvested in 1.2 ml of PBS. The cells are then 
centrifuged and the cellular extracts prepared as descri- 
bed in (35) . The EMSAs are then carried out as described 
in (36) with 10 to 20 jig of cellular extracts and with an 
oligonucleotide probe radiolabelled with 33 P (50,000- 

100,000 cpm), a probe corresponding to the C£ element of 
the hu man C£ promoter (37) . The oligonucleotide probe 
synthesized has the following sequences 
5 ' -GATCCACTTCCCAAGAACAGA-3 ' . (2££j) ZL-X) 
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EXAMPLES 


EXAMPLE 1: 

Analysis of the expression of huaan XL-13R0 at the 
surface of Cakl-1 cells 

5 It was recently discovered that human renal 

carcinoma cells expressed, in addition to the receptors 
shared by XL-4 and XL-13, a large excess of specific II,- 
13 receptors (21) . On the basis of these results, a 
sample of human carcinoma cell lines was studied for the 
10 attachment of XL-13 as described above (17) . A specific 
line, Caki-1 (ATCC HTB46), which expresses a particularly 
large number of binding sites for XL-13, was analysed in 
greater detail. The Scatchard curves obtained from 
saturation experiments show the presence of binding sites 
15 with a Kd of 446±50 pM and a capacity of 7.2xl0 4 

receptors /cell (Figure la) . Xn competition experiments, 
unlabelled XL-13 completely displaces labelled XL-13 in 
a dose-dep en dent manner, whereas XL-4 displaces with a 
high affinity about 10% of the labelled XL-13. Higher 
20 concentrations of XL-4 (greater than 100 nM) do not 
displace the remaining 90% of bound XL-13 (Figure lb) . 

These results are in agreement with the existence 
of two sites, one shared by the two cytokines, the other 
specific for XL-13. The experiments on cross-linking by 
25 affinity for XL-13 show a complex of about 70 kDa, which 
coincides with the complex observed in similar cross- 
linking experiments with XL-13 in various cell types 
(17,21). Labelled XL-13 is completely displaced from the 
complex by XL-13 but not by XL-4, which is in agreement 
30 with the competition experiments (Figure lc) . 

EXAMPLE 2: 

Analysis of the secretion of XL-6 induced by XL-4 or 
XL-13. 

The authors of the invention analysed the secre- 
35 tion induced by XL-4 or XL-13 on Caki-1 cells. The two 
cytokines induce the secretion of similar levels of XL-6, 
and the secretion is inhibited by antibodies specific for 
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the a chain of XL-4R and by the antagonist Y124DIL-4 
(Figure Id) . This suggests that the receptors shared by 
the two cytokines in the Caki-1 cells are responsible £or 
the induction o£ the secretion o£ XL-6. Similar results 
5 are observed when the phosphorylation o£ the protein 
complex XRS1/4PS (18) induced by ZI<-4 and ZZi-13 is 
analysed in the presence or in the absence of anti-IL-4R 
antibodies and o£ IL-4 antagonist. 

These results, taken as a whole, suggest that the 
10 receptor complex IL-4/IL-13 expressed in the Caki cells 
is identical to that which was previously described and 
that the protein binding XL- 13 (IL-13RP) which is over- 
expressed is a component o£ the receptor responsible for 
the recognition o£. XL- 13 in a functional complex which 
15 includes XL-4R. These cells were there£ore used as source 
o£ messenger RNA for the cloning of this XL-13 binding 
entity. 

EXAMPLE 3 s 

Cloning of the primary subunit of the XL-13 receptor 
20 (IL-13RP) 

The strategy for the cloning and expression which 
was used has been previously described (17). A cDNA 
library containing 2x10 s recombinant clones was con- 
structed (26) using Caki-1 cells. The library was divided 
25 into batches of 1000 cDNAs in which the DMA of each 
batch, in plasmid form, was introduced into COS-7 cells 
(29). The binding of labelled XL-13 to the transfected 
COS-7 cells makes it possible to identify the batches of 
clones encoding an XL-13 receptor. The positive batches 
30 were distributed out and rescreened until a single clone 
capable of carrying out the synthesis of a cell surface 
protein capable of binding XL-13 is identified. Two 
independent XL-13R(3 cDMAs were finally isolated. The 
complete nucleotide sequence of the IL-13R(3 cDMA and the 
35 amino acid sequence deduced therefrom are shown in Figure 
2a. The cDNA has a length of 1298 bases excluding the 
poly— A tail and has a short 3/ untranslated region of 106 
bases. A canonical AATAAA polyadenylation signal is in 
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5 and 'a 


the expected place. The open reading frame between 
nucleotides 53 and 1192 defines a polypeptide of 380 
amino acids. The sequence encodes a membrane protein with 
a potential signal peptide, a single transmembrane domain 
5 and a short intracytoplasmic tail. 

Fouh potential N-glycosylation sites are located 
in" the extrac^lluar region. It is important to note that 
two consensus m&tifs considered as signatures of the type 
XI family of cytokine receptors (30) are also present, 
the first being derived from an N-terminal disulphide 
bridge loop structure, the second being the WSXWS type 
motif located at the Orterminal end of the extracellular 
region. The very short cytoplasmic sequence might explain 
why it is only the receptor complex shared by Xli-4 and by 
15 XIi-13 in the CaJci cells whi^h transduces a signal in the 
cell. 


10 


Alignment studies demonstrate homologies with the 
hu man XL-5R a chain (51* similarity and 27* identity. 
Figure 2b) and, to a lesser extent, with the prolactin 
20 receptor. Xt is interesting to note that the XL-5R 
complex consists of an a chain which binds IL-5 but which 
needs another protein, the p chain shared with the XL- 3 
and OS— CSF receptors, to form a high— affinity receptor 
which is capable of transducing a signal (31) . 


25 EXAMPLE 4 s 

Detection of the human XL— 13Rf) messenger RHAs s n various 
cell lines 

Surprisingly, in the Caki-1 cells, similar 
quantities of messenger RHAs for XL-13Rf) xl- 4R are 

30 detected by Northern analyses although a large excess of 
13RP is expressed. This observation suggests that 
there is a greater translation of this mRNA compared with 
the XL-4R transcript and explains the lack of detection 
the XL— 13R|3 mRNA in the cell lines expressing a small 
35 number of IL-13 binding sites. RT-PCR analyses (Figure 3) 
show that the transcript fou nd in the Caki— 1 cells is 
also present at lower levels in the keratinocytic line 
A431, the premyeloid cells TF-1, the premocytic cells 
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U937 a nd the cell line B IM9. No transcript was detected 
in the Jurkat T cell line or in the pre-B NALM6 cell 
line. These results are in agreement with the IL-13 
binding studies on these same lines previously described 
5 by the authors o£ the present invention ( 17 ) , and with 
the known biological targets o£ IL-13 . 

EXAMPLE 5: 

Bi n d ing analyses carried out on COS-7 cells transfected 
with human IL-13RfJ cDNA 

10 The COS-7 cells transfected with the isolated 

cDNA encoding IL-13R|3 specifically bind labelled IL-13. 
The Scatchard analysis of the saturation curve shows a 
single component site with a Kd value of 250±30 pM a 

maximum binding capacity of 5.6x10 s receptors/cell (Fi- 
15 gure 4a) . 

The affinity of the recombinant receptor is in 
good agreement with the Kd value of 446 pM for IL-13R(3 in 
the Caki-1 cells and for what has been described in 
several other cells (17) . Consequently, in spite of a 
20 sequence homology with the a chain of IL-5R, the cloned 
receptor behaves differently since it does not need a 
second chain to reconstitute a high affinity binding 
site. 

It is interesting to note that the protein 
25 binding IL-15 recently described likewise has the charac- 
teristic of binding IL-15 with a high affinity, in the 
absence of the other two components of the IL-15R complex 
(32) • 

In competition experiments, IL-13 is capable of 
30 inhibiting the binding of labelled IL-13 to the cloned 
receptor, with an inhibitory constant (Ki) of 1.5 ± 0.5 
nM, whereas IL-4 does not inhibit the binding. The 
pharmacology of the cloned receptor is therefore similar 
to that of the IL-13R0 present in Caki-1 cells. Cross- 
35 linking experiments show a radiolabelled band of 70 kSa. 
This band has the same mobility as that observed in the 
Caki cells as well as in other cells (17). This complex 
most probably corresponds to the 60-70 kDa band observed 



in addition to the XL-4R 140 kOa band in cross-linking 
experiments carried out with labelled XL-4. This could 
also suggest that a strong interaction exists between the 
two proteins in the functional receptor complex. The 
authors of the present invention therefore checked if 
IL-13R|3 and XL-4R interact in the cell membrane to recon- 
stitute a receptor which allows cross-competition between 
the two cytokines* The results of a coexpression experi- 
ment are shown in Figure 4 c and d. 

Xt appears clearly that the expression of the two 
receptors, either separately or simultaneously, results 
in a large number of receptors which specifically recog- 
nize either of the two cytokines. However, when they are 
expressed together, a small number of receptors (5 to 
10%) is capable of recognizing the two cytokines. The 
cotransfection of the yc chain with XL-4R iL-13Rp 

does not bring about an increase in the number of shared 
binding sites.. These results suggest that the IL-13R(3 
XX.-4R chains can interact with each other in the cell 
membrane to reconstitute a receptor for which XX,- 13 
XL-4 may be in competition. The low percentage of recon- 
stituted receptors is an argument in favour of the 
presence of another protein (XL-13Ra) in limiting amounts 
in the COS cells which is necessary for the 
reconstitution of the receptor complex to which XL-13 
XL-4 bind competitively. 

The results obtained in the transfection experi- 
ments with the yc chain demonstrate that this protein is- 
not the limiting factor which was previously suggested 
(15) • This conclusion is also supported by the absence of 
yc messenger RNA in the Caki-1 cells (21) . 

Another possible reason which explains the low 
number of reconstituted receptors is the existence of an 
incorrect stoichiometry of the two proteins in the cell 
membrane. However, cotransfect ions using different 

relative quantities of IL-4R and IL-13R|3 do not show a 
difference m the number of reconstituted 
receptors. The possibility that another XL-13R with a 
greater capacity to interact with XL-4R exists was 
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confirmed in mice ( 22 ) and in man by the isolation of the 
IL-13R0C cDNA (cf . EXAMPLE 7) . It should be noted that the 
expression of 7 c enhances the binding of XL -4 as 
previously described (19) but reduces the binding of 
5 XL-13, suggesting a complex interaction between the 

different chains. 

EXAMPLE 6: 

Study of the inhibition of the binding of XL-13 to its 
membrane receptor by a receptor in soluble form. 

10 The results in transient expression (Figure 5) or 

on stable lines (Figure 6 ) are described. 

The two cDNA sequences encoding XL-13Rf) 
IL-13R(3 s are inserted into the vector p7055 in place of 
the XL-2 cDNA (33) . The resulting plasmids are called 
IS 2036 and 2034 respectively. 

a) Transient expression 

The CHO cells are inoculated into 12 -well plates 
at 3x10 s cells/well and transfected the next day by the 
DEAE-Dextran method as for the COS cells, either with the 
20 plasmid 2036 or 2034, or with the empty plasmid pSE-1 as 
control . 

The cells are cultured for three days so as to 
allow accumulation of XL— 13R|3 s in the supernatant of the 
cells transfected with the plasmid 2034 pood express- 
25 ion of XL-13Rf) in the membrane of the cells transfected 
with the plasmid 2036. 

The supernatant of the cells transfected with 
IL-13RP& (2034) or the negative control (empty pSE-1) is 
then collected and the cells transfected with XL-13R|3 are 
used to study the inhibition of the binding of XL-13. 

The binding of XL-13 to the surface of the CHO 
cells expressing IL-13Rp (2036) is measured in the 
presence or otherwise of these crude supernatants diluted 
one half with the radioligand or in the presence of an 
excess of nonradiolabelled IL-13 (NSB) . The binding is 
carx> i®d out on whole cells in a final volume of 500 ml 
with 300 pM of radioligand, in triplicate. 
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b) Stable lines 

Two stable transformed CHO lines are obtained by- 
transfection with the coding- sequences of the complete 
IL-13R(3 (polypeptide of 380 residues) or of the XL-13R|3 
in soluble form (XL-13R(3s, truncated polypeptide corre- 
sponding to residues 1 to 337 of XL-13Rp) . These 
sequences are inserted into the vector p7055. 

The CHO-DHFR" cells are transfected with the 
plasmids 2036 (XL-13Rf3) and 2034 (IL-13RPs) and the 
recombinant clones selected as previously described (33) . 

One of the clones CHO-IL-13Rp (CHO 2036) 
obtained, having 2 to 5x10 s sites per cell, is inoculated 
into a 12-well plate at a density of 10 s cells per well 
and the cells are used two days later for binding experi- 
ments in the presence or otherwise of XL-13R()s. 

For that, the CHO-XL-13Rf3s (CHO 2034) clones are 
inoculated into 6 cm dishes, in triplicate, at 5x10 s 
cells per dish. After 3 days of accumulation in the 
culture medium, the medium (5 ml per dish) is collected 
for the XL- 13 binding inhibition studies on XL-13R(3 of 
the CHO 2036 clone. Xn the same manner, the supernatant 
of CHO cells not cuepressing the soluble XL-13R|3 is 
collected. 

The binding of XL-13 at the surface of the CHO 
2036-22 clone is measured in the presence or otherwise of 
these crude supernatants diluted one half with the radio- 
ligand, or in the presence of an excess of nonradio- 
labelled XL-13 (NSB) . The binding is carried out in 
triplicate, on whole cells, in a volume of 500 with 
300 pH of radioligand. 

The histograms of Figures 5 and 6 represent the 
inhibition of the binding of XL-13 on XL-13R|3 by XL- 
13R(3 s. Inhibition of the binding of XL— 13 to its receptor 
can be observed on several clones . 

EXAMPLE 7 

Cloning of the human XL-13Ra receptor 

e) Preparation of the cDNA library from polyA+ messen- 
ger RHAs of Caki-1 cells. 
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Starting with 0.5 (lg of polyA+ messenger RNA, 
single- stranded complementary DNA labelled with [ 33 P]dCTP 
(the complementary DNA obtained has a specific activity 
of 3000 dpm/ng) is prepared with the synthetic primer 
having the following sequence (comprising a BamHX site) : 


5 ' <GATCCGOGCCCTTTTTTTTTTTT <3 ^ (.SSQ ~T[ ^> N0-* 
in a volume of 30 fll of the following buffer: ■ 


50 mM Tris-HCl pH 8.3, 6mM MgCl a , 10 mM DTT, 40 mM KC1, 
containing 0.5 mM of each of the deoxynucleic tri- 
phosphates, 30 flCi of [a 33 P]dCTP and 30 U of Rnasin 
(Pr omega) . After incubating for 1 hour at 37°C, and 
for 10 minutes at 50°C and then for a further 10 minutes 
at 37 °C, with 200 units of the reverse transcriptase 
enzyme Rnase H (Gibco -BRL) , 4 fll of BDTA are added. The 
RNA template is then degraded by adding 6 jil of a 2 N 
NaOH solution and incubating for 5 minutes at 65°C. 

To remove the synthetic primer, the complementary 
DNA is purified on a 1 ml Sephacryl S400 column 
(Pharmacia), equilibrated in TB buffer. The first two 
radioactive fractions are combined precipitated with 
a 1/10 volume of a 10 M ammonium acetate solution and 2.5 
volumes of ethanol, this after extraction with chloro- 
form. The cDNA is then extended in 5 ' by adding a dG 
homopolymeric tail with 20 units of terminal transferase 
enzyme (Pharmacia 27073001) . Next, incubation is per- 
formed in 20 |il of buffer having the following composi- 
tion: 30 mM Tris-HCl pH 7.6: 1 mM cobalt chloride; 140 mM 
cacodylic acid; 0.1 mM DTT; 1 mM dGTP, for 15 minutes at 
37°C, and then 2 |ll of 0.5 M BDTA are added. A further 


treatment with sodium hydroxide is carried out without 
heating, followed by repurification on an S400 column, 
extraction with chloroform and precipitation with 
ethanol. The pellet is dissolved in 33 fll of TB buffer. 
The next stage consists in pairing the cloning vector 
PT7T3-18 through which a homopolymeric dC tail has been 
added beforehand after cutting with Pstl, the cDNA 
the adaptor. The cDNA (33 |il) is brought into contact 
with 75 ng of vector pT7/T3-18 (5^1), 120 ng of adaptor 
(l|il) of the following sequence (comprising an Apal 
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site), NO.^S) 

5 ' AAAAAAAAAAAAAGGGCCCG 3' 

10 |i.l of a 200 mM NaCl solution, and the mixture is 
incuhated for 5 minutes at 65°C and then the reaction 
mixture is allowed to cool to room temperature. The next 
stage consists in ligating the cloning vector and the 
single -stranded cDNA in a reaction volume of 100 )il with 
32.5 units of the enzyme T4 phage DNA ligase (Pharmacia) 
overnight at 15°C in a buffer having the composition: 

50 mM Tris-HCl pH 7.5; 10 mM MgCl 2 , 1 mM ATP. The pro- 

teins are then removed by extraction with phenol followed 
by extraction with chloroform and then a 1/10 volume of 
a 10 mM ammonium acetate solution and 2.5 volumes of 
ethanol are added. The mixture is centrifuged, the pellet 
is taken up in the buffer having the composition: 33 mM 
Tris-acetate pH 7.9, 62.5 mM potassium acetate, 1 mM 

magnesium acetate and 1 mM DTT; the second cDNA strand is 
synthesized in a volume of 30 |ll with 30 units of the 
enzyme T4 phage DNA polymerase (Pharmacia) and a mixture 
of 1 mM of the four deoxynucleotide triphosphates as well 
as two units of the protein of the T4 phage gene 32 
(Pharmacia) for one hour at 37°C. The mixture is 
extracted with phenol and traces are removed by deposi- 
ting on a P10 column (Biogel P10— 200— 400 mesh — reference 
15011050 - Biorad). 

The last stage consists in transforming B. Coli 
MC 1061 cells by electroporation of the recombinant DNA 
using a Biorad Gene Pulser apparatus used at 2.5 kV imH^r 
the conditions recommended by the manufacturer, then 

the bacteria are cultured for one hour in LB 
having the composition: 

bactotryptone 10 g/1; yeast extract 5 g/1; NaCl 10 g/1. 

The number of independent clones obtained is 
determined by plating a 1/1000 dilution from the trans- 
formation after a one hour incubation on a dish of LB 
medium supplemented with 1 . 5 % agar (w/v) with 100 

|xg/ml of amp icillin called, in what follows, LB agar 
medium . 

The number of independent clones obtained is 1 



million. 


b) Screening of tbe cDNA library. 

The entire library was plated on agar medium 
(Petri dishes 150 mm in diameter) coated with Biodyne A 
membranes (PALL reference BNNO 132) . After leaving 
overnight at 37 °C, the clones are transferred by contact 
onto new membranes . The latter are treated by placing 
them on Wathman 3 MM paper impregnated with the following 
solutions: 0.5 N NaOH, 1.5 M NaCl for 5 minutes th en 
0.5 M Tris— HCl. pH 8, 1.5 M NaCl for 5 minutes. After 
treatment with proteinase K in the following buffer, 10 
mM Tris-HCl pH8, 10 mM EDTA, 50 mM NaCl, 0.1% SOS, 100 
)ig/ml proteinase K for 30 minutes at 37 °C, the membranes 
are thoroughly washed in 2X SSC buffer (sodium citrate- 
NaCl) , and then dried in an oven under vacuum at 80°C for 
20 minutes. 

c) Prehybridization and hybridization of the membranes. 

The membranes are then prehybridized for 2 hours 
at 42°C in the following buffer: 1 M NaCl; 30% formamide; 
1% SDS; 5X Denhart's 100 |xg/ml of salmon sperm DNA. After 
2 hours of prehybridization, the membranes are hybridized 
in the same buffer with a concentration of mouse XL— 13R(X 
probe prepared by nick translation of 2 . 5xl0 s dpm/ml, for 
16 hours. The membranes are washed for twice 30 minutes 
in 2X SSC, 0.1% SDS buffer at room temperature then 
2 hours at 50°C in the same buffer. After overnight 
exposure at -80°C in the presence of a Kodak X-OMAT film, 
several positive clones are detected. 

d) Sequencing of a human XL-13Ra clone miH analysis of 
the sequence . 

The sequence is obtained using the Applied 
Biosystem kit (reference 401628) . The complete nucleic 
sequence of the XL— 13R01 cDNA and the amino acid sequence 
deduced therefrom are shown in Figure 7. The cDNA is 3999 
bases long excluding the poly-A tail and has a long 
untranslated 3' region of 2145 bases. 



A canonical polyadenylation signal exists at the 
expected place. The open reading frame between nucleo- 
tides 34 and 1851 defines a polypeptide of 427 
acids. The sequence encodes a membrane protein with a 
potential signal peptide and a single tr an«wnih r «n « 
domain and a short intracytoplasmic region. 

10 potential glycosylation sites are located in 
the extracelluar region. It is important to note that two 
consensus motifs considered as signatures of the type IZ 
family of cytokine receptors are also present, the first 
being derived from an N- terminal disulphide bridge loop 
structure, the second being the WSXWS type motif located 
at the C- terminal end of the extracelluar region. 


B in d in g analyses carried out on COS-3 or CHO cells 
transfected with human XL-13Ra c ENA. 

The CHO cells transfected with the isolated cDNA 
encoding XL-13Ra specifically bind labelled XL- 13. The 
Scatchard analysis of the saturation curve shows a single 
component site with a Kd value of 4 . 5±0 . 4nM and a imuHimim 
binding capacity of 26000 receptors/cell (Figs. 8C 
8G) . 

The results of coexpression experiments are shown 
in Figures 8D and 8H. 

Analysis of the results of Figure 8C shows that 
IL-13Ra is well expressed in the clone 2036 of the CHO 
c *lls. It can be noted that XL-4R displaces 60* of the 
binding of XL— 13 in the CHO cells cotransfected with 
IL-4R and IL-13RCX cDNA (Figure 8H) but taking into 
account a Kd of 7.5 nM for XL-13R0t, there would be 10 
times as many XL-13Ra sites as XL-4R sites. 

The CHO-hXL4R cells (human XL-4R) expressing 
hIL-4R which are transfected with the cDNA encoding hXL- 
13Ra specifically bind labelled XL- 13. 

The Scatchard analysis of the saturation curve 
shows clearly 2 component sites, one of high affinity 
a ^ value of 23±8 . 9 pM and a tmnw binding 

capacity of 28000 sites/cell and the other of low affi- 
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nity with a Kd value of 4.2±1.4 nM and a maximum binding' 
capacity of 150000 sites/cell (Fig. 8D) . 

The second site characterized has the same 
affinity as hXL-13Roi (human XL-13R01) expressed alone 
5 corresponds to the nonassociated IL-13Ra chains because 
they are expressed in a larger quantity than hXL-4R. 

These high-affinity receptors reconstituted in 
the presence of the 2 hXL-13Ra and hXL-4R chains are 
capable of recognizing the 2 cytokines (Figs. 8D and 8H) . 
10 This is even clearer on the COS/pSBl cells coexpressing 
the 2 hXL-13Roc and hXL-4R chains in a comparable quantity 
where XL-4 displaces all the binding XL- 13 . 

The affinity of the recombinant human IL-13Ra is 
comparable to that described for the mouse XL-13Ra 
15 receptor (2-10nM) (ref. 22). 

Xn contrast to the hIL-13R|3 chain previously 
described, human IL-13Ra does not constitute, on its own, 
a high-affinity binding site. 

XL-13RCX and XL-4R therefore interact in the cell 
20 membrane to reconstitute a high— affinity receptor. 

EXAMPLB 9 

Activation of the STAT proteins by IL-13 il -4 in 

CHO cells coexpressing hIL-13Rtt and hXI<-4R. 

Xn human PBMC cells, hXL-4 and XL-13 activate 2 
tyrosine kinases of the janus family, Jakl and •7ak2 which 
phosphorylate a latent transcription factor, STAT6 . This 
activated factor enters the nucleus binds to specific 
elements in the promoters of the genes regulated by IL-4 . 

We chose the Cc element of the human Cs promoter 
a ® probe in an electrophoretic mobility switch assay 
(EMSA) to demonstrate the activation by XL- 13 of a 
binding factor similar to STAT6 . 

The nuclear extracts of the CRO cells, expressing 
alone, XL— 4R alone, or the 2 chains together, 
stimulated with lOOng/ml of XL-13 or XL-4 for 30 ™-i " at 
37°C, are incubated with the radiolabelled Ce element. 

The nuclear extracts of the cells coexpressing 
hIL “ 13Ra a»d hlL-4R form a complex having the same mobil- 
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ity in EMSA whether the cells are induced with XL-4 or 
XL-13 (cf. Figure 9). On the other hand, with the cells 
expressing either chain alone, no complex is detected. 

Xn the CHO cells expressing hXL-13Ra hXL-4Ra, 
5 . XL-13 and XL— 4 therefore initiate the same signalling 

cascade . 

The cloning of XL-13Rf3 and XL-13RCC described here 
makes it possible to improve the knowledge of the factors 
involved in the responses specifically induced by XLrl3 
10 compared with the responses induced by XL-4 . Xt makes it 
possible, in addition, to have a tool for studying the 
regulation of the expression of the receptor under normal 
and pathological conditions where XL-13 plays a key role . 

Moreover, the availability of cDHA makes it 
15 possible to facilitate the cloning of other proteins 
necessary for the reconstitution of an X1-4/XL-13 
receptor complex and is also useful for the manufacture 
or the rational modelling of new medicinal products 
capable of being specific antagonists of the activities 
of XL-13. 


20 
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